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Abstract 
Polar cold air mass (PCAM) builds up in winter and serves as an important climate component 
of Earth’s lower troposphere in the extratropical regions. PCAM resides in polar cap and expands to 
midlatitudes. Under the influences of extratropical waves, PCAM occasionally releases cold air 
from high latitudes to lower latitudes. This outflow of PCAM is referred to as cold air outbreak 
(CAO) phenomenon. CAO transports cold air mass and affects heat, energy, and momentum 
balances of the atmosphere and can interact with ocean. CAOs can cause severe cold waves that are 
responsible for extreme cold events and snowstorms, which are harmful for society. Furthermore, 
CAOs sometimes penetrate deep into tropical regions. The strengthening of equatorward flow 
enhances moisture influx and potentially triggers some disturbances in the tropics. Therefore, 
PCAM and CAO are of great importance for weather and climate in both extratropics and tropics. 
On the other hand, large-scale organized convections over the tropics can influence extratropical 
atmosphere. Some major tropical phenomena, such as El Niño-Southern Oscillation (ENSO) and 
Madden-Julian Oscillation (MJO), are widely known to excite poleward-propagating planetary 
wave train that affects the extratropics. These tropical forcing may control the variability of 
PCAM/CAO. This thesis aims to identify and examine any interactions between the tropical 
variability and PCAM/CAO. The definitions of PCAM and CAO are based on a threshold potential 
temperature of 280 K. The use of isentropic coordinate allows us to perform objective and 
quantitative diagnosis of PCAM. The main results are shown in Chapters 3, 4, 5, and 6. Chapters 3 
to 5 document the influences of tropical forcing on PCAM/CAO. Chapter 6 documents the impact 
of East Asian CAO on tropical disturbances.  
Chapter 3 investigates the relationship between ENSO and PCAM in the Northern Hemisphere. 
We find that ENSO strongly controls interannual variability of total hemispheric PCAM amount. 
The correlation coefficient between PCAM and Nino-3.4 sea surface temperature (SST) index 
reaches -0.66. During El Niño, the total PCAM amount decreases significantly. This reduction is 
largely attributed to the decrease in residence time of PCAM. The residence time can be interpreted 
as the average time that is taken by high latitudes PCAM to outflow into low latitudes. The shorter 
residence time consequently indicates stronger cold air outbreak and increases some PCAM amount 
over midlatitudes. However, the outbreak of cold air is situated over the warm ocean of central 
North Pacific. The warm surface hinders PCAM development over midlatitude and therefore causes 
imbalance in total hemispheric PCAM amount. The anomalous PCAM circulation is driven by 
enhanced Aleutian Low associated with ENSO-induced Pacific/North American teleconnection 
pattern. This result reveals a robust impact of ENSO on polar region. 
Chapter 4 examines the relationship between CAOs in East Asia and ENSO. We first discuss 
the interannual variability of East Asian cold air stream. An EOF analysis shows two interesting 
leading modes of equatorward stream in East Asia. They are named as western CAO and eastern 
CAO. The separation between western and eastern types of CAOs reveals relative roles of 
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extratropical forcing of Siberian High and Aleutian Low on development of equatorward cold air 
stream in East Asia. Interestingly, the two CAOs show opposite dipole pattern of tropical 
precipitation over the Maritime Continent and central Pacific. SST anomalies show cooling 
(western CAO) and warming (eastern CAO) over the eastern Pacific, suggesting the possible roles 
of ENSO. ENSO influences the East Asian CAOs by modulating tropical convection over the 
Maritime Continent and central Pacific associated with changes in zonal Walker Circulation. The 
convection anomalies excite poleward Rossby wave train and affect PCAM fluxes. This mechanism 
is then clarified by performing numerical experiments using a linearized global climate model 
(GCM). This chapter signifies the importance of ENSO on East Asian winter. 
Chapter 5 explores the tropical influence on intraseasonal time scale. We show that some 
eastward-moving large-scale convergences appear accompanying the course of CAO evolution. It 
suggests the possible role of MJO. Observational analysis using MJO indices reveals the active 
roles of wave train on CAO evolution. The intraseasonal component of western CAO is preceded by 
wet MJO over the Maritime Continent, and the eastern CAO is induced by wet MJO over the 
western Pacific and dry MJO over the Indian Ocean. We also find that MJO affects the mean 
occurrences of short-term/synoptic-scale CAOs. We conducted some sensitivity experiments using 
GCM to investigate the mechanism in details.  
Chapter 6 finally assesses the potential impact of extratropical CAO on tropical weather. The 
western CAO is typically strong and can penetrate into low latitudes. The result shown by 
regression analysis clarifies the appearance of significant signal of precipitation following the 
western CAO. However, the mean response seems weaker and more limited in region compared 
with previous studies on subtropical cold surges. We then explore the impact by investigating each 
individual CAO cases and find significant inhomogeneity among the cases, motivating us to 
perform some clustering analyses. We cluster CAOs that developed to northerly surge (CAO(NS)) 
and that developed to westerly surge (CAO(WS)). CAO(NS) clearly shows strong precipitation 
response while CAO(WS) does not show active precipitation response. Furthermore, the pathways 
of CAO(NS) in the subtropics can vary depending on the pre-existing synoptic conditions over the 
tropical regions. We identify four additional subtropical CAO(NS) pathways that produce different 
precipitation patterns. This result suggests us to add more criteria for monitoring CAO in addition to 
the magnitude of CAO index. 
The results of this study improve our understanding on remote interactions between the tropics 
and the extratropics. The findings on MJO and ENSO influences on CAOs help to improve mid- 
and long-range forecasts of PCAM/CAO in the extratropics. On the other hand, the impact of CAO 
is crucial for weather forecasters over the tropical regions. 
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論文審査の結果の要旨 
 極域寒気は冬季に形成され，その流出は寒波として温帯域での極端な低温や豪雪などを引き起
こし，気候や気象に強く影響している。さらに，寒気流出は熱帯の気象にも影響を及ぼす。一方，
熱帯域の大気は中高緯度の大気に影響を与え，寒気の形成や流出にも関与している。本研究は熱
帯の大気変動と極域寒気質量，寒気流出との相互作用を論じ，詳細を明らかにするものである。 
 ３章では北半球の極域寒気に対するエルニーニョ南方振動（ENSO）の関わりを明らかにした。
ENSO はロスビー波の伝搬によるアリューシャン低気圧の強化を通じて，北半球全体の寒気質量を
変化させ，北半球の地上気温の経年変化を支配している。 
 ４章では東アジアにおける寒気流出の年々変動と ENSO の関係を調べた。東アジアでの寒気流出
は東経 135 度よりも東側と西側の経路に大別でき，エルニーニョ時には東側の経路が卓越し，ラ
ニーニャ時には西側の経路が多くなることを見出した。東西の経路はそれぞれ太平洋上流出強化
型と大陸上流出強化型であり，日本においては南岸低気圧強化型と冬季季節風強化型に対応する。 
 ５章は東アジアでの寒気流出の季節内変動に対するマッデンジュリアン振動（MJO）の影響を研
究した。MJO は東アジアの寒気流出に重要な影響を与えている。西側経路の寒気流出は MJO の擾
乱が海洋大陸上に位置する場合に多く見られる。一方，東側経路は MJO の擾乱が西太平洋に位置
する場合に頻度が高い。 
 ６章では東アジアの寒気流出が，インドネシアを含む熱帯域の気象に及ぼす影響を調べた。寒
気流出は西側経路の場合に東南アジアに影響が大きい。西側経路の寒気流出はその経路にばらつ
きがあり，細かく分類することができる。それらの経路はシベリア高気圧の張り出しと，熱帯域
での総観場によって決まってくる。この結果は熱帯への寒気流出の影響を評価するための拠り所
となり得る。 
 大気の熱帯と中高緯度の相互作用について，極域寒気とその流出を鍵として，長期から季節内
変動にわたる様々な時間スケールで明らかにしたことは，中長期の極域寒気，寒気流出の予測に
つながる。また，熱帯における気象に対する寒気流出の影響の及ぼし方を明らかにしたことは，
熱帯域の気象予測に大きく貢献するものである。この研究は本人が自立して研究活動を行うに必
要な高度の研究能力と学識を有することを示している。したがって，ABDILLAH, Rais Muhammad
提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
